We studied morphological and physiological leaf and whole-plant features of seedlings of six late-successional woody species common in the Xishuangbanna lowland rain forest in southwest China. Study species differed in adult stature and shade tolerance and included the shrubs Lasianthus attenuatus Jack and Lasianthus hookeri C.B. Clarke ex Hook. f.; the sub-canopy species Barringtonia macrostachya (Jack) Kurz and Linociera insignis C.B. Clarke; the canopy tree Pometia tomentosa (Blume) Teijsm. & Binn.; and the emergent species Shorea chinensis (Wang Hsie) H. Zhu. After 1 year of growth in low light (4.5% full sun), seedlings were transferred to high light (24.5% full sun) to investigate acclimation responses of existing leaves to forest gap opening and to determine whether seedling capacity for acclimation is a limiting factor in its natural regeneration. Leaves of the shrub species are shade-adapted, as indicated by their low photosynthetic capacity, efficiency in using sunflecks, low stomatal density, low Chl a/b ratio and high spongy/palisade mesophyll ratio. The shrub species utilized sunflecks efficiently because they had a short photosynthetic induction time and low induction loss. In all species, transfer of seedlings to high light resulted in a substantial initial reduction in the dark-adapted quantum yield of photosystem II (variable chlorophyll fluorescence/ maximum chlorophyll fluorescence; F v /F m ) at midday. Predawn F v /F m of the taller species did not change greatly, but predawn F v /F m of the shrub species decreased significantly without complete recovery within 25 days of transfer to high light, indicating chronic photoinhibition and damage to the previously shade-adapted leaves. Maximum net photosynthetic rate and dark respiration of the four taller species increased considerably after transfer to high light, but not in the shrub species. Similar trends were observed for the number of newly formed leaves and relative height growth rate. We conclude that the shrubs L. hookeri and L. attenuatus have limited potential for developmental and physiological acclimation to high light, which explains their absence from forest gaps. Compared with the shrub species, the taller tree species, which are more likely to experience high light during their life span, showed a greater potential for light acclimation. Physiological differences among the four tree species were not consistent with differences in adult stature.
Introduction
In tropical rain forests, canopy gaps are important for maintaining the high diversity of plant species , Hubbell et al. 1999 . Shade-tolerant species comprise more than 85% of the tree species and individuals in mature tropical forests (Whitmore 1990 , Lieberman et al. 1995 . However, contrary to expectations, most seedlings and trees in gaps belong to shade-tolerant species that have survived tree fall, rather than being gap-dependent pioneer species (Denslow 1987 , Connell 1989 . Both shade-intolerant and shade-tolerant species are expected to differ in their ability to respond to changes in light environment associated with canopy gap dynamics, but this may be more important for shade-tolerant species. The ability of a plant to respond to the formation or closure of a light gap may have important repercussions on plant performance and fitness.
Plant responses to increased light can occur at several organizational levels (see Chazdon 1988) . At the whole-plant level, changes in growth or biomass allocation patterns may occur (e.g., Bongers and Popma 1990 , Popma and Bongers 1991 , Poorter et al. 2003 ; at the leaf level, acclimation responses may involve changes in photosynthesis and respiration (e.g., Björkman 1981 , Givnish 1988 , Chazdon et al. 1996 and anatomy (e.g., Popma 1988, Cao 2000) , among other parameters. Leaf structural changes may also be adaptive, e.g., a partial breakdown of antenna chlorophylls and inactivation of photosystem II (PSII) reaction centers (Öquist et al. 1992) . Furthermore, when a canopy gap is created, solar radiation reaching the forest floor increases suddenly (Denslow 1987 , Canham et al. 1990 ) and may negatively affect photosynthetic light-use efficiency of PSII, through either chronic photoinhibition or reversible down-regulation of PSII activity as a result of various protective mechanisms against excess light (Demmig-Adams and Adams 1992, Osmond 1994) .
Differences among species in acclimation potential and susceptibility to photoinhibition in newly formed gaps may be critical in determining the outcome of competition for resources among species Pickett 1980, Lovelock et al. 1994) . Physiological changes in existing leaves and the production of new leaves with a morphology and physiology appropriate to the gap light environment are both components of the acclimation response (Bongers and Popma 1990 , Newell et al. 1993 , Chazdon et al. 1996 , Kursar and Coley 1999 , Yamashita et al. 2000 .
Here we report on the morphological and physiological features of leaves grown in low light and on the acclimation responses to light increases of seedlings of six shade-tolerant woody species from the Xishuangbanna lowland rain forest of southern China. Specifically, we investigated photosynthetic capacity, induction and acclimation of seedlings grown in low light and then transferred to high light. Species of different adult stature were selected to provide a range of plants differing in shade tolerance (cf. Thomas and Bazzaz 1999) . To this end, we chose two shrub species that attain a maximum height of 1-4 m, and four sub-canopy and canopy tree species with maximum heights ranging from 20 to 65 m. Shrub species in the Lasianthus genus are expected to be shade tolerant because they are almost never found in light gaps in the forest (Zhu 1998 (Zhu , 2002 . The four tree species are expected to be intermediate in shade tolerance, because we assume that with the attainment of adult stature, they will increasingly show morphological and physiological characteristics of sun plants (Thomas and Bazzaz 1999, Poorter et al. 2003) . We analyzed whether the shrub species have characteristics that make them better adapted to deep shade in the forest understory than the tree species. We predicted that the shrub species have a limited ability to acclimate to sudden changes in solar irradiance and that the lack of plasticity makes them obligatory shade species.
Materials and methods

Study site and plant material
The study was carried out in the Xishuangbanna Tropical Botanical Garden (21°6′ N, 101°5′ E, 600 m a.s.l.), Chinese Academy of Sciences, Yunnan, SW China. The climate of Xishuangbanna is dominated by the southwest monsoon with high rainfall from May to October, so there is a well-defined alternation between wet and dry seasons. Mean annual temperature is 22.9°C and mean precipitation is 1500 mm (Zhang 1963) . The minimum and maximum temperatures are about 8.7 and 34.2 °C (January and April, respectively).
The six study species included two shrub and four tree species that vary in maximum stature from 1 to 65 m (Table 1 ). All are late-successional species common to the moist forests of the Xishuangbanna tropical area (Cao and Zhang 1997) .
Plant growth
In July 2001, seeds were collected from a nearby forest and germinated in a seedbed of original forest soil in a nursery growth house with about 8% full sunlight. When at least three leaves per seedling had fully developed, 15-20 seedlings of each species were individually transplanted to 12-l pots (25 cm in diameter) and placed in a poorly lit shadehouse (4.5% of full sunlight). Shade was provided by a neutral-density shade cloth. To minimize the effects of heterogeneity within the shadehouse, the pots were rotated randomly on a weekly basis. During the study, plants were fertilized twice with N,P,K slowrelease fertilizer (Osmocote, Scotts, Marysville, OH) and were watered to maintain the soil near field capacity on days without rain. Light availability in the shadehouse was estimated by measuring photosynthetic photon flux (PPF) with two LI-190 SA quantum sensors connected to an LI-1400 data logger (LiCor, Lincoln, NE). One-min means of PPF were recorded over four sunny days and the daily maximum and daily mean PPF values were calculated.
Experimental design
The light acclimation experiment started in July 2002 when the seedlings were 40-80 cm tall. Seven to 10 seedlings per species were transferred to a well-lit shadehouse (24.5% of full sunlight). The other seedlings remained in the poorly lit shadehouse (4.5% of full sunlight); the pots were relocated to standardize any removal effect. Photosynthetic light response curves and plant growth were determined 20 and 30 days, respectively, after transferring plants from low to high light. The time course of chlorophyll fluorescence was measured over 25 days. All measurements were made on fully expanded and healthy leaves. The number of plants per light treatment for the morphological and physiological measurements ranged from four to eight; one leaf per plant was measured. 
Photosynthetic measurements
Gas exchange was measured in the morning between 0800 and 1130 h. Net photosynthetic rates were measured with a portable infrared gas analyzer in open system mode (LI-6400, Li-Cor), with an LED-B as the actinic light source. Photosynthetic light response curves were developed based on measurements at eight PPF values ranging from 1000 to 0 µmol m -2 s -1 . Before the measurements, seedlings grown in low light were allowed to acclimate to a PPF of about 400 µmol m -2 s -1 for at least 30 min. Dark respiration rate (R d ) was measured on the same leaves after the leaves had been kept in darkness for at least 8 min. Photosynthetic light response curves were fitted to a nonrectangular hyperbola, and from these curves, the asymptotic light-saturated rate of net photosynthesis (A max ), quantum yield, near-light saturation point and light compensation point were determined.
Photosynthetic induction time was determined on the leaves used for the gas exchange measurements. To ensure a leaf was not yet photosynthetically induced, it was covered with black cloth for at least 3 h before measurement. After the leaf was sealed in the chamber in darkness for 15 s, a manual shutter was opened to increase the PPF to saturating values (determined from the light response curves). Net photosynthetic rate was recorded at 2-s intervals for the first 5 min, and then every 8 s until the maximum assimilation rate was achieved. The time required to reach 90% of maximum net photosynthetic rate (T 90% ) was estimated by fitting a sigmoidal curve, as described by Zipperlen and Press (1997) . Induction loss was determined on the same leaf. Before measurement, a leaf was exposed to saturating light for about 40 min. Then, it was placed in the chamber in saturating light and net photosynthetic rate was monitored until a steady state was reached. The light was switched off and, after 20 min in darkness, net photosynthetic rate was measured 60 s after re-illumination. Induction state measured 60 s after an increase in irradiance (IS 60 ) was calculated as described by Chazdon and Pearcy (1986) .
Chlorophyll fluorescence
To assess the magnitude and duration of photoinhibition in leaves of seedlings grown in low light following exposure to simulated gap conditions, the induction kinetics of chlorophyll fluorescence in intact leaves were measured at predawn and midday with a portable fluorescence system (FMS-2.02, Hansatech, King's Lynn, U.K.). On each seedling, a shade leaf was labeled and the initial quantum efficiency of PSII, expressed as the ratio of the measured variable chlorophyll fluorescence (F v ) to the maximum chlorophyll fluorescence (F m ) (F v /F m = (F m /F 0 )/F m , where F 0 is the dark-adapted minimal fluorescence) of the leaf, was measured 25 days after transfer to the high-light environment. Before midday measurement, a leaf clip was placed on the leaf for 15 min to allow dark acclimation. Following dark acclimation, F 0 was measured at the abaxial leaf surface. Maximum fluorescence was recorded after a 0.8-s pulse of saturating irradiance (4000 µmol m -2 s -1 ) to close all PSII reaction centers. From this, dark-adapted initial PSII quantum efficiency (F v /F m ) was calculated. Changes in these parameters were followed over 25 days and compared among species.
Leaf anatomy and chlorophyll analyses
Leaf anatomy was determined only on seedlings grown in low light. Hand-cut transverse sections were taken from the midlamina region of the leaf. Leaf thickness and thickness of the palisade and mesophyll layers were measured with a compound microscope with 40× objective calibrated with an ocular micrometer. In addition, thickness of the lamina, palisade mesophyll and spongy mesophyll were measured. Spongy to palisade mesophyll thickness ratio and the total mesophyll thickness as a percentage of lamina thickness were calculated. Stomatal density and guard cell lengths were determined for the adaxial and abaxial surfaces of each leaf from prints made with nail varnish.
Chlorophyll was extracted from leaf tissue in cold 80% (v/v) acetone in darkness. The extract was centrifuged for 10 min at 12,000 g at 4°C and the chlorophyll concentration in the supernatant was determined spectrophotometrically (UV-B 2501, Shimadzu, Kyoto, Japan) following Arnon (1949) .
Height growth and leaf production
Heights of all seedlings were measured just before and 1 month after transfer from low to high light. From these data, the relative growth rate of height (RGR H ) was calculated. Production of new leaves was monitored for 1 month.
Statistical analysis
Differences in photosynthetic induction properties and the various anatomical and morphological properties among species were tested by one-way ANOVA. Multiple contrasts were analyzed with the Student t test. Within a species, differences in net photosynthetic rate, height growth and leaf production between seedlings grown in low light and those grown in high light were tested by one-way ANOVA. Statistical analysis was performed with SPSS 11.0 software for Windows (SPSS, Chicago, IL).
Results
Leaf anatomy
Species differed in their expression of leaf morphological variables, and these differences were greatest for the spongy/palisade ratio, stomatal density and Chl a/b ratio (Table 2) . Seedlings of the shrub species Lasianthus hookeri and Lasianthus attenuatus had two to three times higher spongy/palisade parenchyma ratios than did seedlings of the four tree species. Stomatal densities were two to four times lower in seedlings of the shrub species than in seedlings of the tree species, except for seedlings of the emergent tree Shorea chinensis, which had values similar to those for the shrub species. Chl a/b ratios in seedlings of the shrub species were considerably lower than in seedlings of the taller tree species. Guard cell length and total chlorophyll concentration were variable, with seedlings of the shrub species having intermediate values.
Photosynthetic performance
Light response curves of photosynthesis of seedlings grown in low light differed between tree and shrub species (Figure 1) . In seedlings of all species, photosynthetic capacity (A max ) was low, which is typical for shade plants, though A max was higher for the tree species than for the shrub species (3.8 versus 2.3 µmol m -2 s -1 ; Figures 1 and 2A) . The light saturation point of leaves of seedlings of the tree species occurred at PPF values greater than 550 µmol m -2 s -1 , whereas light saturation occurred at about 290 µmol m -2 s -1 in leaves of seedlings of the shrub species. The light compensation point differed significantly between species (range: 22.5-58.5 µmol m -2 s -1 , P < 0.01). Quantum yield did not differ significantly between species (range: 0.049-0.055 mol CO 2 mol -1 photon, P > 0.05). In the tree species, seedlings maintained in low light had higher dark respiration rates (R d ) than seedlings transferred from low light to high light ( Figure 2B ). In the shrub species, values for A max and R d were similar between seedlings maintained in low light and seedlings transferred from low light to high light (Figures 2A and 2B ). Both A max and R d increased significantly when seedlings of the tree species were transferred from low light to high light.
When PPF was increased from darkness to saturating light, leaves of the shrub seedlings grown in low light required about 4 min to reach 90% of their A max (T 90% ) compared with 9-1026 CAI, RIJKERS AND BONGERS TREE PHYSIOLOGY VOLUME 25, 2005 11.3 ± 2.3 c 14.5 ± 3.2 b 9.5 ± 2.6 c 17.8 ± 2.6 a 9.8 ± 1.9 c 9.0 ± 0.6 c 4-6 Chl a + b (mg g FM Table 1. 12 min for leaves of the tree species ( Figure 3A) . After fully induced leaves had been exposed to darkness for 20 min, leaves of all species maintained a relatively high induction state (IS 60 range 60-75%), except for Linociera insignis (< 50%) ( Figure 3B ). Overall, loss of induction state was significantly greater in seedlings of the tree species than in seedlings of the shrub species.
Chlorophyll fluorescence
For all species, predawn F v /F m ratios of seedlings maintained in low light were between 0.82 and 0.85, which is characteristic for non-stressed leaves; seedlings of all species maintained these values throughout the day (data not shown). Sudden exposure of seedlings of L. hookeri and L. attenuatus to high light (from 4.5 to 24.5% of full sunlight) caused photoinhibitory responses that included substantial reductions in predawn and midday F v /F m , followed by a slow and incomplete recovery ( Figures 4A and 4B ). The reduction in F v /F m was more pronounced at midday than at predawn. Predawn F v /F m ratios were already substantially below 0.8 and the seedlings did not recover completely, indicating a "chronic" inhibition of PSII. In contrast, predawn F v /F m of seedlings of the tree species did not change significantly during the 25 days after transfer to high light; although their midday F v /F m declined in the first few days, it then recovered almost completely (Figures 4C-F) , indicating that these seedlings were only temporarily photoinhibited at midday. The increase in F 0 following exposure to high light was more pronounced at midday than at predawn in the shrub species (Figures 4G-L) . The recovery in midday and predawn F 0 to the initial values were fastest in L. insignis (Day 11), followed by S. chinensis (Day 17), whereas more than 25 days were required for recovery in the two shrub species.
Plant development
Among the study species, seedlings of the canopy trees Pometia tomentosa and S. chinensis produced the largest number of leaves in both the low-and high-light environments (Figure 5A) . Moreover, leaf production almost doubled when the seedlings were transferred from low light to high light. In contrast, seedlings of the shrub species L. hookeri and L. attenuatus did not increase leaf production after transfer to high light. Relative height growth rate (RGR H ) doubled after 30 days in high light in seedlings of the three tallest tree species, P. tomentosa, L. insignis and S. chinensis ( Figure 5B ), with seedlings of the sub-canopy tree L. insignis having the highest RGR H ( Figure 5B ). In the smallest sub-canopy tree Barringtonia macrostachya and the shrub species, RGR H was similar in seedlings grown in low light or in high light.
Discussion
We found that seedlings of species with a large adult stature acclimate to transfer from low to high light. There were major differences in the ability to acclimate to high light between seedlings of shrub species and seedlings of tree species, but we did not find consistent differences in the ability to acclimate to an increase in light availability among seedlings of tree species differing in adult stature (Figures 2 and 4) . Hereafter, therefore, we focus our discussion on the differences observed between seedlings of the shrub species (shrub seedlings) and seedlings of the tree species (tree seedlings). The shrub species L. hookeri and L. attenuatus are generally best suited to low-light environments. Their leaf characteristics contribute to maximization of light capture in low light. Their leaf mesophyll tissue consists mostly of spongy cells, which facilitate the harvest of diffuse and far-red wavelengths that dominate understory light environments through increased internal light scattering (Vogelmann 1993 , DeLucia et al. 1996 . Their leaves also had relatively low stomatal densities and a relatively thick mesophyll layer, features generally associated with shade tolerance (Boardman 1977 , Givnish 1988 . Their Chl a/b ratio was relatively low, not only compared with that of the tree seedlings but also compared with shade-tolerant understory species in Brunei (Cao 2000) . A low Chl a/b ratio is considered to be an adaptation to enhance absorption of the limited quantity of red light available in forest shade, and thus to maintain the energy balance between PSII and photosystem I (Boardman 1977 , Björkman 1981 . At the plant ar-TREE PHYSIOLOGY ONLINE at http://heronpublishing.com
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Figure 3. Photosynthetic induction responses to an increase in irradiance in seedlings of six woody species grown in low-light conditions. Mean values (± SD) of the time required to reach 90% of maximum photosynthetic rate (A) and the induction state after 60 s (IS 60 ) (B). Four to six plants of each species were measured. Bars with the same letter indicate means that are not significantly different (P > 0.05). Multiple contrasts were analyzed by the Student t test after a one-way ANOVA. Species abbreviations are as defined in Table 1. chitecture level, L. hookeri and L. attenuatus are characterized by pendent, flexible branches and non-overlapping leaf positions, which further help capture diffuse irradiance while avoiding self-shading, and may also contribute to long-term persistence in understory habitats, where falling debris from canopy trees frequently damages plants ( Van der Meer and Bongers 1996) . Although maximum photosynthetic rates of the shrub seedlings were lower than those of the tree seedlings, the time needed to reach 90% of A max was much less (4 min versus 9-12 min; Figure 3A ), indicating that seedlings of these shrub species can respond quickly to sudden high-light conditions. The induction times for seedlings of the tree species are consistent with values generally found in other shade-tolerant species (e.g., Rijkers et al. 2000) . We found that the induction state after 20 min of darkness remained high in the shrub seedlings ( Figure 3B ). These findings indicate that, in the shaded forest understory, shrub seedlings can use short periods of direct sunlight (sunflecks) more efficiently than can tree seedlings.
Seedlings of all species showed photoinhibition after sudden exposure to high light and, as expected, susceptibility differed slightly among species (Lovelock et al. 1994 , Naidu and DeLucia 1997 , Kitao et al. 2000 . The photoinhibition responses that we observed are comparable with those found in other shade-tolerant rain forest species (Lovelock et al. 1994 , Mohammed and Parker 1999 , Yamashita et al. 2000 . In contrast to the general pattern, however, Castro et al. (1995) failed to find long-term photoinhibition in rain forest canopy tree seedlings, except when nutrient availability was limiting. In our study, although midday F v /F m decreased in all species in the first several days following the transfer to high light, the tree seedlings showed almost no reduction in predawn F v /F m throughout the 25 days after transfer to high light, whereas predawn F v /F m of the shrub seedlings decreased considerably immediately upon exposure to high light. Compared with the shrub species, F v /F m and F 0 of seedlings of the tree species recovered more quickly and completely. Severity of photoinhibition is determined by both damage and photoprotective Within a species, asterisks indicate the significance of the difference in mean values (** = P < 0.01; * = P < 0.05; ns = P > 0.05). Species abbreviations are as defined in Table 1 .
processes in PSII. In our study, midday F 0 and F v /F m of the shrub seedlings underwent two distinct phases of change after transfer to gap light conditions. In the first phase, F v /F m decreased with a concomitant rapid increase in F 0 , representing the onset of photodamage of PSII, causing an increase in the number of closed PSII centers (Epron et al. 1992, Maxwell and Johnson 2000) . In the second phase, F 0 began to decline and was accompanied by an increase in F v /F m . This probably indicates a gradual recovery from damage, as the process of photoprotection is established (Krause and Weis 1991) . Values for F v /F m and F 0 indicate that leaves of seedlings of both shrub species were stressed, especially L. attenuatus, because predawn F v /F m did not fully recover during the 25 days of high-light treatment. Although experimental observations on photosynthetic acclimation of rain forest plants to high light show a range of responses, most understory rain forest plants exhibit at least some plasticity over the range of light environments encountered in natural forest (around 1 to 20% of above-canopy light), and many are capable of considerable acclimation within this range (see Chazdon et al. 1996) . We found that the photosynthetic rates and respiration rates of the tree seedlings increased significantly when seedlings were transferred to 24.5% of above-canopy light, whereas no acclimation of photosynthetic rates was observed in the shrub species (Figure 2A) . In the tree species, the increased respiratory rate accompanying photosynthetic acclimation provides the energy and intermediates for constructing chloroplasts to elevate photosynthetic capacity and to enhance photoprotective mechanisms (Noguchi et al. 2001) . Turnbull et al. (1993) consider that dark respiration is the parameter most sensitive to changes in light environment. Consistent with other studies (e.g., Sims and Pearcy 1991 , Turnbull et al. 1993 , Kursar and Coley 1999 , we found that, following transfer to high light, dark respiration rates of the tree species increased 2 to 2.5 times over a period of 20 days. There was no acclimation of photosynthetic rates and no significant increase in dark respiration in the shrub seedlings ( Figure 2B ). These results support the hypothesis that extreme shade species lack plasticity in physiology when exposed to a change in light conditions (Boardman 1977 , Björkman 1981 .
The time course of acclimation at the whole-plant level depends not only on photosynthetic acclimation of existing leaves but also on the rate of production of new leaves (Newell et al. 1993 , Lovelock et al. 1994 . Because existing shade leaves of L. hookeri and L. attenuatus acclimated poorly to the new higher light environment, rapid production of new leaves with more advantageous morphology for high-light environments would be important for whole-plant acclimation. This, however, did not occur because new leaf production and height relative growth rate were similar between shrub seedlings grown in low light and in high light. The lack of acclimation by the shrub species to increasing light availability is further supported by the finding that 2 months after the experiment, L. attenuatus seedlings transferred to high light dropped many of their leaves and the leaves of seedlings of L. hookeri became yellow and started senescing. These observations indicate that the vigor of the shrub seedlings was considerably below optimum in the high-light regime.
All study species were selected on the basis of their shade tolerance. We expected the adult size of a species to have a strong impact on acclimation potential, with the tallest species having the highest acclimation potential. We found that seedlings of the smallest (shrub) species had a low acclimation potential and thus we may categorize them as obligatory shade species (cf. Boardman 1977 , Chazdon et al. 1996 , which is in line with the finding that Lasianthus is almost never found in light gaps in the forest (Zhu 1998 (Zhu , 2002 . As predicted, seedlings of the tree species showed high photosynthetic acclimation to increased irradiance in response to simulated gap formation. Similar results have been reported for a temperate forest in North America where seedlings of canopy-dominant and understory Acer species exhibited different traits of adjustment to increases in irradiance Bazzaz 1994, 1995) . A likely explanation for this difference between shrub seedlings and tree seedlings is that the shrub species usually complete their life cycle in full shade, never experiencing light availabilities greater than 1 to 5% of full sunlight unless there is a disruption of the overstory (Zhu 1998 (Zhu , 2002 , and so would benefit little from the ability to acclimate to increased irradiance. The taller tree species, however, may eventually reach either the forest canopy or sub-canopy layer. Consequently, during their development from seedling to mature tree, individuals of the tree species will have a greater chance of exposure to high irradiances, and hence may benefit from the ability to acclimate to increased irradiance. These differences in acclimation responses may play an important role in niche specialization among woody species in wet tropical forests.
Acclimation potential in the tree species did not increase, as predicted, with increasing adult stature (cf. Thomas and Bazzaz 1999, Poorter et al. 2003) . Similarly, Gurvich et al. (2003) reported that some leaf traits were unnrelated to maximum tree height and concluded that maximum tree height is a poor indicator of shade tolerance.
